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Abstract 
Creating a comfortable indoor environment has been one of the main concerns when it comes to the design and operation of 
buildings. Buildings are a crucial part of our daily life, on average people spends 85 % of their time performing activities inside 
of buildings and therefore the quality of the indoor environment is a critical factor affecting the happiness and productivity of 
building users.  
The indoor environmental quality has a strong relationship on the thermal conditions of a space which is directly affected by 
the amount of heat lost or gained due to the properties of the materials used, the external environmental conditions and the 
inner sources of heat; In consequence, efforts have to be made to maintain proper thermal conditions by means of using natural 
and mechanical strategies to provide heating, cooling and ventilation.  While the thermal comfort is an important aspect for the 
average user of a building, it becomes a critical aspect when it comes to population highly sensitive to thermal conditions. 
Children under and patients in hospitals with low levels of immune system are more likely to feel discomfort under certain 
operational conditions of ventilation, cooling and heating delivery systems. Particularly in this study have been investigated the 
thermal comfort and thermal comfort parameters for children, toddlers and hospital patients in three locations during the typical 
operation of systems in late spring. 
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1. Introduction 
Thermal comfort is defined as the condition of mind that expresses satisfaction with the thermal environment. 
Considering the large physiological and psychological variations from one person to another, it is assessed through 
a subjective evaluation based on statistical data taken from extensive laboratory and field data collected (ASHRAE 
55). Human thermal comfort is the combination between the subjective sensation of a group of people and the 
objective interaction with the surrounding environment.  
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2. Thermal comfort 
The level of comfort depends on several personal and environment factors.  The six main factors that define 
thermal comfort are the following: 
 Personal Factors 
x Metabolic rate. Rate of transformation of chemical energy into heat and mechanical work inside 
the body. 
x Clothing insulation. The resistances to sensible heat gain transfer provided by clothing. 
 Environment Factors 
x Air temperature. Temperature of the air (dry-bulb) surrounding a body. 
x Radiant temperature. Temperature of an imaginary black enclosure in which a body would 
exchange the same amount of radiant heat. 
x Air speed. Rate of air movement at a point. 
x Humidity. Ratio of water vapour in a given volume of air. 
General thermal comfort parameters - Predicted Mean Vote (PMV) 
    The Predicted Mean Vote model (PMV) is one of the most recognized thermal comfort models. Originally 
introduced by Fanger, ISO 7730 and ASHRAE 55 standards are based on this model. The PMV is an index that 
predicts the mean value of the votes of a large group of persons on the 7-point thermal sensation scale, based on 
the heat balance of the human body. Thermal balance is obtained when the internal heat production in the body is 
equal to the loss of heat to the environment. 
 
  Table 1. PMW index. 
cold cool slightly cool neutral slightly warm warm hot 
-3 -2 -1 0 +1 +2 +3 
    The human’s body heat balance is influenced by physical activity and clothing, as well as the environmental 
parameters: air temperature ta, mean radiant temperature rt , relative air velocity Qar and air humidity. When these 
factors are known, the thermal sensation for the body as a whole can be predicted by calculating the predicted 
mean vote (PMV) using the following formula: 
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 M is the Metabolic rate, W/m2 - is the rate of transformation of chemical energy into heat and mechanical 
work by metabolic activities within an organism; 
 W is the External work, met - is equal to zero, for the most metabolisms is the effective mechanical 
power; 
 Id is the Clothing thermal resistance,  
 clo (1 clo = 0.155 m2.K/W) - is the resistance to sensible heat transfer provided by a clothing ensemble; 
 fd - is the ratio of clothed surface area to nude surface area; 
 pa - is the water vapour partial pressure calculated in accordance with the saturation curve, the air 
temperature ta and the Relative humidity Pa; 
 hc - is the convective heat transfer coefficient W/(m2.K); 
 td – is clothing surface temperature °C; 
 ta - is the air temperature °C; 
 rt - is the mean radiant temperature °C; 
 tn - is the temperature of surface n, °C; 
 Fp-n - is the angle factor between person and surface n; 
 6Fp-n = 1. 
   Table 2. PMV range for an acceptable thermal environment. 
PMV range for an acceptable thermal environment 
ASHRAE 55 -0.5 < PMV < 0.5 
ISO 7730 
Category A               -0.2 < PMV < 0.2 
Category B               -0.5 < PMV < 0.5 
Category C              -0.7 < PMV < 0.7 
2.1 Predicted Percentage Dissatisfied (PDD) 
 The predicted percentage dissatisfied (PPD) index provides information on thermal discomfort or thermal 
dissatisfaction by predicting the percentage of people likely to feel too warm or too cool in a given environment. 
The PPD can be obtained from the PMV:  4 2100 95 exp( 0,03353 0,2179 )PPD PMV PMW       . 
2.2 Operative Temperature 
For certain values of humidity, air speed, metabolic rate and clothing insulation, a comfort zone in terms of a range 
of temperature is defined. This operative temperature is the combination of air temperature and radiant 
temperature that will be acceptable by people. 
 
Hospital 
The room modelled is the representation of a typical patient room in a hospital. This room has a floor area of 16 
m2 and 2.9 m of height. Usually it can be found 2 or 3 people in the room including the patient, a doctor and 
possibly a familiar of the patient. Equipment available in the room includes flat screen TV, medical electrical 
equipment (monitor) and room furniture (hospital bed and other basic furniture). Two ceiling fluorescent lamps 
provide illumination to the room. Forced air HVAC system provides 80 L/s of air through a ceiling air inlet while 
air is being removed at a rate of 44 L/s through an exhaust vent on the ceiling located on the opposite corner. The 
identified main sources of heat are the lighting fixtures on the ceiling, the medical monitor, the TV and the 2 
people considered to be at that given moment at the room. Level of activity of the 2 people present at the room 
differs considerably and therefore the metabolic rates between the two persons change in a range of 70 W/m2. 
 
Results:  
 Velocity [m/s] – 0.067; Temperature (Fluid) [°C] – 23.41; Mean Radiant Temperature [°C] -24.53; 
Operative Temperature [°C]-24.06; PMV [ ]-0.18; PPD [%]-8.1; Draft Temperature [K]-0.7; Draught Rate 
[%]-3.4; Volume of the fluid [m3]-42.89. 
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Fig.1 PMV parameter.
 
Kindergarten 
 
 
Fig.2 Air movement.
 
 
Results:  
 Velocity [m/s] - 0.099; Temperature (Fluid) [°C] - 22.31; Mean Radiant Temperature [°C]-22.32; 
Operative Temperature [°C]-22.32; PMV [ ]-0.56; PPD [%]-11.8; Draft Temperature [K]-0.4; Draught Rate 
[%]-6.4; Volume of the fluid [m3]-173.97. 
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Fig.3 PPD parameter.
School 
The space modelled and analyzed serves as a representation of the typical classroom in school. This space with an 
area of 63m2 is designed to provide classes to 18 students (10 year old average). The space includes 9 wooden 
double desks and 18 chairs for the students, individual wardrobes and shelves, and a blackboard.  
Fenestration covers 38 % of the north-facing wall providing daylight, which covers most of the lighting 
requirements during the day on the middle of spring. In addition, 6 Fluorescent tube lighting fixtures of 92 W each 
are installed on the ceiling. 
Mini-split AC system is installed on the west-wall at a distance of 2.5 m from the floor; this is used for the cooling 
months while hydronic radiators heat the space during the heating months. On this period of time, the mini-split 
system delivers 500 L/sof of cool air at a temperature of 20°C, (this temperature is based on the assumption of no 
heat transfer on the walls – adiabatic walls). 
The sources of heat that affect the room environmental conditions are mainly related to the amount of heat 
produced by the people in the space. Under this activity conditions (seated and standing relaxed) the human body 
has an average metabolic rate of 70 W/m2, thus heat transfer rate depends on the skin surface, which in this case is 
lower in children. Additional heat is also coming from the radiation emitted and transmitted from the windows. 
Clothing part of the uniform of the school consists of trousers and long-sleeve shirt for boys, and skirt and long-
sleeve shirt for girls, this results in an average clothing insulation of 0.11 K. m2/W. 
 Results:   
 Velocity [m/s] - 0,3019; Temperature (Fluid) [°C] - 21,83; Mean Radiant Temperature [°C]-21,90; 
Operative Temperature [°C]-21,86; PMV [ ]-0,68; PPD [%]-17,2; Draft Temperature [K]-1,14; Draught 
Rate [%]-25,82. 
 
 
 
Fig.4 Results LMA.
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Fig.5 Air movement.
3. Conclusions 
    Although this analysis shows the general thermal behaviour during the typical operation of these particular space 
types, different load conditions may occur from space to space related to the use of different HVAC equipment, 
lighting fixtures, constructions materials, space arrangement, occupancy rates, electrical equipment, outside weather 
and climate factors, among other loads, which lead to major changes in thermal comfort parameters. Further and 
detailed assessment has to be carried out using actual field data from the particular spaces or areas to analyze in 
order to get accurate results on the thermal comfort of the building users. 
    The solution of housing problem is one the key Russian development tasks. The set of measures for its solution 
are defined in the framework of the state program of the Russian Federation "the Provision of accessible and 
comfortable housing and communal services in the Russian Federation". 
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